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* 
Abstract Synthesis of 4 -(2-methoxyethyl)phenol (5) from phenol 
is described. The derived aryloxyallyl ether (6) is con- 
verted into (+metoprolo1 (10) by involving dihydroxy- 
lation reaction with Os04 and NMO. 
I .  In te res t  in  6 -blocker drugs par t icular ly  belonging to t h e  aryl- 
oxypropanolamine ske le ton  (1) has  been s t imula ted  s ince t h e  introduc-  
t ion of propranolol in  1968. The genera l  approach adopted2  for t h e  
prepara t ion  of r a c e m i c  6 -blocker involves t h e  condensat ion of substi- 
t u t e d  phenol de.rivative with epichlorohydrin followed by t r e a t m e n t  
with a sui table  alkylamine. 
4-(2-Methoxyethyl)phenol ( 5 )  is  t h e  a r o m a t i c  s e g m e n t  of meto-  
prolol (10). Although severa l  rou tes3  to t h e  prepara t ion  of 5 have 
been  descr ibed,  w e  f e l t  t h e  scope to devise  a s imple approach 
* To whom correspondence should b e  addressed. 
IICT Communicat ion No. 2693 
3489  
Copyright 0 1991 by Marcel Dekker, Inc. 
D
o
w
n
lo
ad
ed
 A
t:
 0
8:
37
 1
7 
Ja
nu
ar
y 
20
11
3490 GURJAR ET A L .  
st i l l  exis ted.  The route  descr ibed h e r e  undoubtedly is sui ted for 
large scale manufac ture  of 5 and t o  t h e  best of our knowledge 
has  not been described. The d i h y d r ~ x y l a t i o n ~  of aryloxyallyl e t h e r  
(6) leading to the  formation of side-chain of metoprolol (10) is 
a l so  presented.  
2-Chloro-1-(4-hydroxyphenyl)ethanone ( 3 )  was prepared by 
a modified FriedeI  C r a f t s  acylation’ of pheriol (2) with chioroacetyl  
chlor ide (yield 50%). Subsequent reac t ion  of 3 with methanol ic  sodiurn 
methoxide  at room t e m p e r a t u r e  afforded 4 in 90% yield. The reduc- 
tion of 4 over  10% Pd-C a t  45 psi for  4 h gave 5 in 9656 yield. 
The  IR and NMR s p e c t r a  of 5 were  in good a g r e e m e n t  with the  
3a ,c  spectrurn of t h e  a u t h e n t i c  sample  . 
Having prepared  t h e  requis i te  phenol der ivat ive (5 ) ,  the  next  
concern  was  to introduce t h e  propanolamine side chain. The dihydroxy- 
lation reac t ion  of olef ins  in t h e  presence of ca t .  O s 0 4  and  N-methyl- 
morpholine-N-oxide (NMO) is a sui table  technique for  obtaining 
t h e  corresponding diols. The r e c e n t  modification6 of ernploying 
KJFe(CN)6 instead of NMO is a f ru i t fu l  demonstrat ion to apprec ia te  
t h e  value of this  react ion.  T r e a t m e n t  of 5 with ally1 bromide in 
t h e  presence  of potassium c a r b o n a t e  in refluxing a c e t o n e  a f forded  
6 in 85% yield. The dihydroxylation reac t ion4  of 6 with Os04-NMO 
(0.025 eq) (1.2 eq) in t h e  presence of 2:l water -ace tone  mixture  
at room t e m p e r a t u r e  led to t h e  format ion  of t h e  diol (7) (80%). 
The  diol was subsequently m o n o t o y l a t e d  by t h e  convent ional  proce- 
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A NEW ROUTE TO (k)  METOPROLOL 3491  
d u r e  to 8 f o l l o w e d  by t h e  epox ide  (9) fo r rna t ion  in t h e  p r e s e n c e  
o f  sod ium m c t h o x i d e  in rrrethanol. T h e  e p o x i d e  (9) was iden t i ca l  
w i t h  t h e  d u t h e n t i c  s p e c i m e n  p r e p d r e d  by t h e  l i t e r a t u r e  p rocedure .  
T r a n s f o r m a t i o n  of 9 i n t o  (5)-rnetoprolol  w a s  d o n e  by t h e  r e p o r t e d  
p rocedure .  7 
2 - 4 - 
0- 0 7  OR 
acetone, water 
acetone 
OCH3 OCH3 OC H3 
5 - 
NaOCH3 - 
CH30H 
OCH3 OC H3 
9 - 10 - 
In conc lus ion  w e  h a v e  deve loped  a s i m p l e  s t r a t e g y  to t h e  
a r o m a t i c  s e g m e n t ?  of rnetoprolol .  In add i t ion ,  t h e  r o u t e  to  r e a l i s e  
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3492 G U R J A R  ET AL. 
t h e  side-chain f r o m  t h e  corresponding ally1 e t h e r  precursor  (6) by 
employing O s 0 4  ca ta lysed  dihydroxylation is par t icu lar ly  useful 
f o r  developing ch i ra l  synthesis' of a-blocker drugs. 
EXPERIMENTAL 
2-Chloro-l-(4-hydroxyphenyl)ethanone (2) 
To a cooled and  mechanical ly  s t i r red  mixture  containing 
phenol (9.4 g, 100.0 mrnol) a n d  ethylenedichlor ide ( 2 5  ml) was  added 
aluminium chlor ide (26.7 g, 230.0 mmol)  over  t h e  period of 10-15 
rnin. A f t e r  t h e  addi t ion w a s  over ,  t h e  reac t ion  mixture  was  al lowed 
to a t t a i n  room t e m p e r a t u r e  and  then  it was h e a t e d  a t  70" with 
t h e  help of a p r e h e a t e d  oil bath.  The  resul t ing solution was s t i r red  
at 70" a n d  t h e n  ch loroace ty l  chlor ide (12.4 g, 110.0 mmol) was 
added  dropwise over  t h e  period of I h. The  reac t ion  mixture  was  
s t i r r e d  f u r t h e r  f o r  5 h a t  70" a n d  t h e n  at room t e m p e r a t u r e  for  
12 h. It w a s  t h e n  poured on crushed ice, hydrochloric ac id  mixture .  
2-Chloro-1-(4-hydroxyphenyI)ethanone (2) s e p a r a t e d  out  and  was 
f i l t e red .  The solid was  c rys ta l l ized  f rom methanol .  Yield 8.52 g 
( 5 0 % ) ,  rn.p. 151" (lit. 'H 
NMR (CDC13) : 6 4.58 (s, 2H); 6.8 (d, 2H,  J = 9 Hz); 7.72 (d, 2H, 
J = 9 Hz). MS : Mi 120.5. 
5 m.p. 151-152"). 1R : (KBr) 1655 crn-l. 
2-Methoxy-l-(4-hydroxyphenyl)ethanone (3 )  
A solution of sodium methoxide  (prepared f r o m  1.02 g of 
sodium, 44.0 mmol  and  20 ml  of methanol )  and  2 (3.41 g, 20.0 rnmol) 
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A NEW ROUTE TO (+ )  METOPROLOL 3493 
w a s  s t i r r e d  at room t e m p e r a t u r e  for 24 h and then concent ra ted .  
T h e  resulting residue w a s  t r e a t e d  with di lute  HCI, e x t r a c t e d  with 
chloroform and  washed with w a t e r ,  dr ied (Na SO ) and c o n c e n t r a t e d  
to  give 2-methoxy-l-(4-hydroxyphenyl)ethanone (3) (2.98 g, 90%) 
as whi te  solid. m.p. 133-135". IR : (KBr) 3300, 1660 cm-l. 'H N M R  
(CDC13) : 6 3.4 ( s ,  3H); 4.55 ( s ,  2H); 6.8 (d, ZH, J = 9 Hz); 7.75 
(d, 2H, J = 9 Hz); 9.6 (bs, l H ,  -OH). MS : M+ 166. Analysis ca lcu la ted  
f o r  C q H I 0 O 3  : C, 65.05; H, 6.07. Found : C, 64.88; H, 6.27%. 
2 4  
4-4 2 - M e  thoxyethy1)phenol (4) 
A solution of 3 (1.66 g, 10.0 rnmol) a n d  10% pal iadium-char-  
coa l  (86 mg) in e thanol  (40 ml) was  hydrogenated at 4 5  psi for  
4 h. The solution was f i l t e red ,  washed with e thanol  and concen-  
t r a t e d  to af ford  t h e  c r u d e  product  which was distilled (b.p. 125O/ 
3 mm) to af ford  pure 4 (1.46 g, 96%). IR : (film) 3300. 'H NMR 
(CDC13) : 6 2.84 ( t ,  2H, 3 = 7 Hz); 3.42 ( s ,  3H); 3.65 ( t ,  2H, J = 
7 Hz); 6.74 (d, 2H, J = 9 Hz); 7.1 (d, ZH, J = 9 Hz); 7.0 (br, 1H). 
MS: Mf 152. 
4-(2-Methoxyethyl)phenoxyallyl ether (5) 
A rnixture of 4 (1.52 g, 10.0 mmol), potassium c a r b o n a t e  
(1.52 g, 11.0 mmol) and ally1 bromide (1.33 g, 11.0 mrnol) in a c e t o n e  
(25  ml) was  ref luxed for  7 h. The reac t ion  mixture  f i i tered.  Acetone  
w a s  removed under reduced pressure. The residue so obtained was 
dissolved in e t h y l  acetate. The e thyl  acetate layer  was  washed 
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3494 G U R J A R  ET A L .  
wi th  I N  NaOH so lu t ion ,  w a t e r ,  d r i e d  (Na2S04)  a n d  c o n c e n t r a t e d  
t o  a f f o r d  5 (1.63 g ,  85%) a\ co lour l e s s  liquid. 'H N M K  (CDCI3) 
: 6 2-81 ( t ,  2H, 3 = 7 Hz); 3.36 (5, 3H); 3.60 ( t ,  2H, J = 7 Hz); 4.5 
(d,  2H); 5.10-5.54 (rn, 2H); 5.77-6.32 ( m ,  IH); 6.83 (d,  2H, 3 = 9 
Hz);  7.13 (d,  2H, J = 9 Hz). MS : M+ 192. 
344-( 2-Methoxyethy1)phenoxyl- 1 ,Z-propanediol (6) 
To d s t i r r e d  solutiori  of 5 (1.34 g, 7.0 rrirrrol), N-rnethylrnor-  
pholine-N-oxide (980 rng, 8.40 rnmol) in 2:l m i x t u r e  w a t e r : a c e t o n e  
( I 5  rnl) w a s  a d d e d  osmium t e t r o x i d e  (7 rng). A f t e r  1 5  h, t h e  b rown  
so lu t ion  w a s  t r e a t e d  w i t h  sod ium rr le tabisulf i te  (1.2 8). The r e a c t i o n  
m i x t u r e  w a s  f u r t h e r  s t i r r e d  f o r  1 h, f i l t e r e d  t h r o u g h  s b e d  of C e l i t e  
dnd washed  wi th  a c e t o n e .  T h e  c o m b i n e d  f i l t r d t e  w a s  c o n c e n t r a t e d  
a n d  p d r t i t l o n e d  b e t w e e n  e t h y l  d c e t d t e  a n d  2N HCl. T h e  o r g a n i c  
ldyer  w a s  w a s h e d  w i t h  w a t e r ,  d r i e d  (Na2S04)  a n d  c o n c e n t r d t e d  
to a f f o r d  a r e s idue  wh ich  w a s  f i l t e r e d  th rough  d s h o r t  colurnn of 
vlica g e l  w i t h  ch1oroform:methanol  (98:2) as e l u e n t  to give 6 as 
d sy rapy  l iquid (1.26 g, 80%). IK (nujol)  : 3300 c in . H NMK (CDC'13) -1 1 
: 6 2.8 ( t ,  2H, 3 = 7 Hz); 3.3 (s, 3H); 3.55 ( t ,  2H, J = 7 Hz); 3.62- 
4.44 (rn, 5H); 6.81 (d,  2H, J = 9 Hz); 7.1 (d,  2H, J 9 H7). 1Vl5 : 
M' 226. 
3-L4-(2-Methoxyethyl)phenoxyl-l,2-epoxypropane (7) 
A solut ion of p- toluenesulfonyl  c h l o r i d e  (1.04 g, 5.50 rnrnol) 
i n  pyridine (20 mi) w a s  a d d e d  t o  6 (1.13 g, 5.00 mrriol) in py r id ine  
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A NEW ROUTE TO ( 2 )  METOPROLOL 3495  
( 3  ml) a t  0°C over  a period of i h. The reac t ion  rri ixturetwas further- 
s t i r r e d  for  24 h a t  room t e m p e r a t u r e .  Pyridine was removed undcr 
reduced  pressure a n d  residue was di luted with e thyl  a c e t d t e .  l h e  
organic  layer  was washed with ZN HCI, w a t e r ,  dr ied ( N a 2 S 0 4 )  and  
evdpora ted .  The c r u d e  tosy la te  (1.25 g, 3.60 rrirnol) and  metharwlic  
sodiurn rnethoxide (0.2 g of sodiurn rriethoxide dissolved in 10 in1 
of methanol)  w e r e  h e a t e d  a t  50-60" f o r  30 rriin. and  t h e n  conceri-  
t rd ted .  The residue wds purified by f i l t e r  column over  si l ica gel  
w i t h  chloroform as e luent  t o  yield 7 (0.50 g) a s  a gurrirny liquid. 
'H N M K  (CDCl,) : 6 2.74-3.00 ( m ,  4H); 3.42 ( 5 ,  3H); 3.62 ( r r i ,  3H); 
3.87-4.04 (111, 2H); 6.9 (d, 2H, 3 9 Hz); 7.2 (d, 2H, J = 9 Hz). 
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